The coupled phenomena of momentum, heat, and mass transfer were simulated in order to predict and to better understand the generation and movement of intermetallic dross particles within certain regions of a typical galvanizing bath. Solutions for the temperature and aluminum concentration can be correlated with the solubility limits of aluminum (Al) and iron (Fe) to determine the amount of precipitated aluminum in the form of Fe 2 Al 5 top dross. Software developed by the Industrial Materials Institute of the National Research Council of Canada (IMI-NRC), including k-turbulence modeling for heat and mass transfer, was adapted for the simulation of a sequence of operating parameters. Each case was modeled over a period of 1 hour, taking into account an ingot-melting period followed by a nonmelting period. The presence of an ingot significantly changes the temperature distribution and also results in important variations in the local aluminum concentration, since the makeup ingot has a higher aluminum concentration. The simulation showed that during the ingot melting, the total aluminum concentration is higher at the ingot side of the bath than at the strip exit side. The region below the ingot presents the highest aluminum concentration, whereas lower aluminum concentrations were found in the region above the sink roll, between the strip and the free surface. It was shown that precipitates form near the ingot surface because this region is surrounded by a solution at 420°C, which is lower than the average bath temperature of 460°C. When no ingot is present, the total aluminum concentration becomes much more uniform and decreases with time at a constant rate, depending on the coating thickness. This information is of major significance in the prediction of the formation of dross particles, which can cause defects on the coated product.
I. INTRODUCTION
AS a companion to the first part of this article, [1] this subsequent study takes into account the variation of the solubility of the aluminum and iron in a galvanizing bath as a result of local temperature variations. The previous article showed that the temperature variations are caused by the periodic additions of the cold zinc ingots, which take a finite time to melt, followed by a period when no additions are made to the bath. During ingot melting, the induction heaters operate at maximum capacity and heat input is reduced to a level of 20 pct of this value after melting, maintaining an average bath temperature of 460°C.
The previous article simulated the flow and temperature distribution at steady-state conditions for the case of no ingot present and for the melting-ingot case. Since the surface of the melting ingot is at 420°C, this condition represents the most severe temperature variation in the bath, since the energy to melt the ingot needs to be supplied by induction heaters. Tests have been carried out in industry by Toussaint et al.
[2] to experimentally determine the duration of the melting period of a 1-ton ingot. They also modeled the melting period numerically, showing that the total time for melting is very close to 20 minutes for complete immersion. This period includes a 6-minute period during which the cold ingot freezes a layer of zinc from the bath onto the surface, followed by a period when the ingot heats up to the melting temperature and starts to melt back. As a result, the ingot actually starts to melt only after this 6-minute period. The melting rate decreases as the ingot is consumed. All the aluminum contained in the melting ingot is transferred to the bath and can be in precipitated form as Fe 2 Al 5 or in solution, depending on the temperature of the bath. Particles precipitated in the coldest region of the bath can be displaced by the bath flow and can dissolve or grow in different regions, according to the solubility limits defined by thermodynamic relationships [3] and by growth kinetics. In view of the transient period of ingot immersion, melting, and no ingot addition, it becomes essential to model the entire cycle of operation of a normal coating operation. The simulations use industrial data for the melting rate and coating rate to account for the mass balance of the process. A period of 1 hour was chosen, where the average total aluminum content of the bath and the temperature return to values close to the initial conditions at the start of the cycle, so that the simulations could show the dissolution and transport of the aluminum from the ingot to the coated steel strip. The objective of this article is to compute the spatial and temporal distribution of the aluminum content within the bath during a normal galvanizing operation. In order to carry out this task, data on the solubility limits of aluminum with temperature need to be integrated into the solution in order to distinguish between the amount of dissolved and precipitated aluminum (as Fe 2 Al 5 ) in a typical operation. 
II. METHODOLOGY
The dimensions and configuration of the immersed equipment of the galvanizing bath are presented in Figure 1 of Part I of this article, and the computational domain was identical to that used previously. The strip width is 1500 mm, moving at 1.75 m/s and entering the bath at 460°C. The simulation is carried out in the following steps for a total cycle of 60 minutes. 
III. PHYSICAL MODEL AND GOVERNING EQUATIONS
The Navier-Stokes equations for nonisothermal flow were solved, taking into account the variation in density due to the temperature and aluminum concentration using the Boussinesq approximation. Hence, the gravity term is considered as the perturbation from a reference value, and the momentum equations become
where T is the temperature, c is the aluminum concentration, and 0 is the density at the reference temperature T 0 and reference aluminum concentration c 0 , while ␤ T and ␤ Al are the thermal-and aluminum-concentration expansion coefficients, defined as
[3]
The turbulent viscosity ( where Sc T is the turbulent Schmidt number, considered to be equal to unity.
Boundary Conditions
The boundary conditions for the flow and heat transfer were presented in Part I of this work. For the transient condition at maximum power, the inductor inlet velocity was fixed at 0.75 m/s with a temperature increase of 20°C. Without an ingot present, the inductors run at 20 pct of maximum power, corresponding to an inlet velocity of 0.4 m/s and a temperature increase of 8°C. The heat fluxes were calculated as in the previous article.
For the case of aluminum transport in the bath, the boundary and initial conditions must also be imposed for the aluminum concentration. The initial aluminum concentration in the bath is considered to be 0.14 pct in weight, and the bath is considered saturated in Fe at the initial temperature of 460°C. The limit of solubility is given by [3] [6]
where C Fe and C Al are the weight concentrations of Fe and Al expressed in a percentage (quantity in kilograms of Al or Fe for 100 kg of solution), and T is the temperature in degrees Celsius.
On the bath walls, we impose a zero normal mass flux for the aluminum concentration (no generation and consumption). The boundary conditions take into account the additional aluminum from the ingot and the aluminum consumption on the steel strip. Since ingots are added to the bath at ambient temperature, no aluminum is transferred to the bath until the ingot reaches the melting point. This was 
